Poly(vinyl acetate) (PVAc) and natural rubber blends (NR) were prepared by low shear blending of the corresponding lattices. Thin films were cast using a doctor blade technique.
Introduction
Polymer blends offer a cost effective route to materials with unique physical properties and processing behavior [1] [2] [3] [4] . Prospects for polymer blending have been compared to the alloying of metals. Blend properties are crucially affected by phase morphology and this in turn depends upon a number of factors including the choice of parent polymers, compatibilizers, blend composition, moisture content and the method of blend preparation [5, 6] . Compatibility of the parent polymers is an important issue. Miscible polymers form a homogeneous mixture phase that exhibits the characteristics of a uniform substance [7] . The composition dependence of the physical properties of such blends tends to follow the linear blending rule. However, most polymers are incompatible and undergo phase separation on blending. Unless suitable compatibilizers are employed, poor interfacial adhesion between the individual phases will prevent achievement of mechanical integrity adequate for useful application [1] [2] [3] [4] [5] . However, synergistic property improvements are more likely in phaseseparated blend systems.
Poly(vinyl acetate) is a petroleum-derived polymer usually obtained by emulsion polymerization. It features excellent adhesion to various substrates. Thus large quantities of PVAc latex are produced for use as binder in emulsion paints, adhesives and various textilefinishing operations. Some of this material is chemically converted into poly (vinyl alcohol) and poly(vinyl butyral). Owing to its inherent high cold flow, PVAc is of little value in moldings and extrusions [8] . PVAc is rather brittle and rigid but compounding it with other polymers frequently improves physical properties [9] [10] [11] [12] [13] . Poly(vinyl acetate) has been blended with various polymers, including poly(-caprolactone) and poly(vinyl chloride) [9, Preparation of polymer blends and films
The PVAc latex and NR latex were mixed at ambient temperature using low speed stirring (i.e. a low shear mixing process) to avoid air entrainment. A two-step mixing process was used in order to ensure preparation of homogeneous, non-segregating latex blends. In the first step, the pH of the NR latex was adjusted to pH  10 by adding ammonia solution. This was necessary to prevent coagulation when blending the rubber latex with the PVAc latex. After pH adjustment, the PVAc latex was gradually added to the NR latex while stirring gently. All blends were prepared by weighing appropriate quantities of the lattices. The natural rubber and poly (vinyl acetate) concentrations were calculated and are reported on dry mass basis. Films were cast immediately using a 500 μm gauge doctor blade. The substrate was a polyester film (Pelikan Overhead Transparent-Film TF 100 PE) pasted onto a glass sheet. The glass sheets with the wet cast films were immediately transferred into a convection oven set at 50 o C where they were allowed to dry for 18 hours. This temperature is well in excess of the stated value of 20 C for the minimum film-forming temperature (MFFT), also called the "white point" [22] for the poly(vinyl acetate) latex. With this procedure homogeneous films were obtained, i.e. no segregation of the lattices was discernable from visual inspection.
After the drying period, the glass sheets were removed from the oven and allowed to cool down to ambient conditions. The polyester sheets, now containing the dry films, were removed from the glass sheets. They were removed from the polyester substrate after cooling with liquid nitrogen. This reduced the adhesion between the two films allowing the cast sheet to be peeled off freely. The thicknesses of the free films were measured using an electronic vernier caliper. They ranged from 155 to 290 μm.
Scanning electron microscopy (SEM)
Film specimens were cryogenically fractured using liquid nitrogen. The samples were mounted, with the fractured ends pointing vertically up, on an adhesive-activated stub using It was therefore decided to use the data obtained with the samples clamped taught in position at room temperature. They are reported here as apparent moduli scaled by a factor of one tenth in order to reflect realistic magnitudes. 
Mechanical properties

Results and discussion
Latex properties Figure 1 shows the cumulative particle distributions for the two lattices. The median particle sizes were determined as 4.5 μm and 0.34 μm for poly(vinyl acetate) and natural rubber lattices respectively. Figure 1 also reveals that the former latex has a narrower particle size distribution than the latter. phase domains dispersed in the natural rubber matrix. These particles are similar in size (2 -3 μm) to the particles in the poly(vinyl acetate) parent latex. This implies that the domain size, of the dispersed phase, is determined primarily by the dimensions of the original emulsion droplets. This is not unexpected in view of the immiscibility of the polymers present, the higher consistency of the PVAc, the low shear mixing method that was employed and the fact that, volumetrically, the PVAc is the minor phase.
The highly irregular fracture surface seen in Figure 3c Figure 8) . However, the poly(vinyl acetate) is less affected by the nature of the atmosphere than the natural rubber. Figure 7 shows that all the samples retained more than Tensile properties Typical stress-strain curves for different compositions are shown in Figure 9 . The shape of the curves for compositions containing less than 50 wt % poly(vinyl acetate) showed the conventional response expected for elastomers. Films containing higher levels of PVAc show stress-strain behavior more akin to a typical thermoplastic, e.g. low density polyethylene. A key feature of these compositions is that they exhibit a definite yield point. For the 50 wt % PVAc blend, the yield point is vestigial. As the PVAc content increases, the yield point rapidly becomes well developed. A well defined yield point is observed for the neat PVAc film. The stress attains a local maximum value at the yield point. It then drops to a lower plateau value as the sample undergoes necking before slowly rising again to the ultimate breaking stress at an elongation exceeding 200 %. For the compositions containing 60, 75 and 85 wt % PVAc, the maximum stress actually coincides with the yield point value. In fact, the latter two compositions show yield stress values that exceed the maximum tensile stress recorded for the neat poly(vinyl acetate). Figure 10 shows the effect of PVAc content on the tensile strength and elongation-at-break.
The elongation-at-break is high (> 400%) for the NR sample. It shows a concave concentration dependence reaching a minimum at ca. 60 wt % PVAc. The tensile strength increases exponentially with PVAc content up to 80 wt % PVAc. The blends with composition close to this value actually feature better tensile strengths than the parent polymers. The precise reason for this synergistic behavior is not presently understood but is likely associated with the observed antiplasticization and the complex phase morphology obtained at these compositions.
Conclusions
Blends of poly(vinyl acetate) and natural rubber in the form of thin sheets were prepared by 
